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(57) mim^oymm] 

fC*>C^-C, BtflBTici L/-C?gS2 4 0~5 0 OnmOTfe^ffl 

m 1 0 nmWTWJ^ =3 :ymimmiWL^fixK^^ C i * 

iff® i IrMmm 1 CD^ffi-t ^ 5? -l^i£„ 
[if5t<ii3] BiT^Mii!{Cc?fJfiS$ti/c> ^fflici/ lo 

u ^' >*5jfjj^ 3 n/cr 7 T X y ^ >iP<D^ffia 

Hi|iBT^;U7T;^>"J n>|i^a(Cigfi2 4 0 — 5 
0 0 nmCD7lc?:H3|t L i # (OmmomS. t ©M^l** 
torijgt, BJiar*JU7T;^->>;3»|i^H{i:?gfi2 4 
0-5 0 Ontn©7lc^MStL-r. ^©S*t7e®?SS^jSiJ^ 



iai*f4(C[6]W-C?SS2 4 0-5 0 Onrr<D34:^H3S^T-53K 
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mi^&S(omWj-& cc *} I ^ -c. itriBT ji/ :? T ;^ y 3 

^r;V7T;^i>';=3>M©:^MK?gS2 4 0~5 0 Onm© 
T-r -5 C i t ^ •5^^#Sg©M3S*S. 10 

T ;^ y 3 >M©*ffif<: w-c > ^ffJjjS-r -s i i ^3 , 
friB ^\^'{ > ^^ij ttrt ar ^r;!/ 7 r x y n >m©*m 

KigS2 4 0~5 0 0nin©7fe?rMI*L/-C-e®M*t^Sc©?S 

*#a<i: -r i,¥^^s^g©M^:^ffio 

[|feBg©i^miiB;3] 

[0 0 0 n 20 

[*m±©MM^3-lf] *^B^». if)!i©^[B*^3'-:'^ 

n/ct/ y 3 »g©^ffi**- ^? --r -TaftfcH 

[0002] 

[fie*©Rjfi: fi^, ^f^^^*:al^f[ls§©i^»aib*s®^ 

tCi*.^6nT*>0 , DRAM (Dynamic Random Access 
Memory) CCOt^r ^i^^^-fB^Ct^ DRAM^i^Hlt^b 
-r-SfCti. W4M«?S/cf3©3>7=>-tf-©^?:it^§ 
^d:t:fn«^f 'ii-^WCC 1 o©=i>7^>-9--(C-?5^^P> 30 
tiSB/SffiStt/hS < ^cSo =i>7^>1^-©ffJ)SSfS^^ 

ffi/h-r^i. 3>7=-*>-i>--©^fimit^«*^j^u, a 

[0 0 0 3 ] ^J^Sf , H.Watanabe^tt. "A New stacke 
d capacitor structure using hemispherical-qrain po 
ly-silicon electrode" 22nd Conference on Solid D 
evice and Materials, p. 873 ( 1 9 9 0) tCfct,i-C, 3 40 
>7'>if-©Sg^ffifC, ^ift^^t'H'^ (HSG-S 

i) ^jBfiXL-r, wmmm^mWii'ihijm^^^h 

ti^DRAM (x^f i/§y^*y •fe;i') ©M^fcfijfll-r 

[ 0 0 0 4 ] ST. H 1 1 ( a ) JC^T J; (C. 

^mmmm i o i , ^T^>§f»»)!i 102. m^f- 
h 1 0 3 iimwL ? n/c psi> y >ss 1 0 4 _htc 50 



^i^^2 6 3 8 5 5 4 
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arsiiPfiSM 1 0 5 ^lemt So -e lt, y v d/'^ 7 -f - 
Ml 0 5«cfM-r-s„ 

[0 0 0 5 ] ^©f^, H 1 1 ( b ) (Ctj^-TJ: -SK, ^)iJ± 

p^l&iSM 1 0 5±{c y F-7'Lfcr*;i'7TXi^y 
3>Mi 0 7%jfM-r5„ ^ur. Bo'yy^^77^- 
B?»J&a'M.•>?>^''^5^f:J^M^'^■c, W^iBH©T-^rJl^:7 

rXi^y 3»11 0 7 y g^Vi^'L, 0 11 ( c ) OC 

[0 0 0 6] ;):fc. X 2/ i'SS^M©H S G-ft^tf 
^. CtlB. Xi!yi'«®l 0 8?:0JSL//taKl 0 4 
*^5 8 0°C, *^1 mtorr<iDMET(i:g^. Si^ H 
. ;?/XK 1 O^gSBBL/WI, ?l#Mt^?a • ^ffCC 

N, #Hmcc3 0^?i^llSTCiK<j:or^^$*i 
•So C©XfItcJ:D, i'm@©*Ett, 0 1 1 

(d) K^T<J;^KI!aO{i:3n. -r^cto-fe. 
'1'> (HSG- S i ) 10 9!5iJf5)S§ti. ^©^ffiS* 

[0 0 0 7] C©$)i, 0 1 2{C^n-rj;^(<:CVDr£€: 
flSl^r, X 3? y ^mffi 1 0 8 ©affiK^am^M 1 1 1 

o^iSL. !i^y v-y 1- 1 1 2;&jfjfiS-rtit3;, 

DRAM75if¥6n-So 

[0 0 0 8] iC^r-. C©X3?y :^m@^ffi©HSG 
mi. ffa!L/c<fc5tc. Sffi (r*;l':7TX->y n>) 
^fflCcteWSt^y =i>MT-©-7-l' yL'- hmi^?:MfflL 

rii-So ccDfci*, mffi«ffi5cffM$nsiHa©?iS 
«. mffi^H'^©g^mftJ)i©#*©iS-^t,^Kj;or^ 

lt-r-g>„ l^aiT^i. ^^M©i^gffkM*s+^K^ 
*3n-Cl^-&l»^lC(J. 013 (a) (C^-rj;-50C. s 

^„ */c. i«S^{tM©^*:0^^+5}-^w:J«^(ctt, 01 
3(b) K7?;-rJ;'5K, /hSi^rit^Stct^ti^'U-O^smffia 

ffi{ct$tiS-r-5«®,i&So */c. iiiE^t*:yn'>©jfjis 
^fr •5. c i ic J; -r 4> iafl©fistt^ f b-r S o 

[0 00 9 ] DRAM*»p1,{t-r^»^. S3>f'>1^ 
-©SSmi^f^«tt. )?f^©*BHl^(c;^cl^nJi^r6i^j: 

mfji^^hili,. C©/ci?). HSG-S 1 ?rli3l-^ri^y 

[0010] fif*. C©<J:^i'^cIHa©figtt. 
^*;!il=|/-c:i|l^i;cj:f3tf*3nfci3 . H^icn >7=^>^f- 
[0 0 1 1 ] $/c, i^«ri m^ftt. ^'Xii^BET^ 
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[0012] f^-&^wj}^b(oyt'kmmmmicxm 

'ft 5 n^^c X «*K*4«ffi{c^s*fE§»ftJi(T-r Alt $ 
iiJSTS::^ffifeii3g§nrt,^S mmw-4: - 1 5 9 3 3 

[0013] 

^ifi^ft >i/ i ^^BSI^-r a C i ^ l > i I. » ^ 55 
■C, -ec^^tias 0 Onti^-C$)f5, itSSOniiMS 

cD^m^ u -f >^iia-r -s c i *s-c ^ i o ^ pgs 
[0 0 14] ii^{c3>7^>-9--?r3fj^-rs:^ri5 
©. »ii>mmj:xmx'S>-^xh, ^MmmmR:/±^m 20 

[0015] ®«^i*;Ht-»-5:^Stt, tR«5#fc 

[0016] 3 e.ic, afe7ic^ffl(-^rs*t^*iij^-r-5 

or^'ft-rs, ofc*!-:.!:. c®:^aB, ^^^yfmm 

[0017] 5 f^f>cxm^m^>i>ijmt. ^©si^x*- 

wr^!:<, i^if4i^^©«^«:Jij^aor 0*1^ 
t^-©L/i:0 h ■7>>>;'^^?©?- + 4<.;i/a5:9-Kiffc^cm^ 
-iE?L5t*^^fe3-e. 7=^v-«-<xiLr©^?tt^s-fi:3-& 40 

[0018] 2f:|6fl^«. g^r * f5 ^C3!)5P.ftffitt35S^ 
<. I^^4©•r^^'-1';^i L-r©^14KMi5^*^A^ct<^^ 

is©^ffl^ ^ i? -T^a ^ffiffi-r s c i * B fi«] i -r „ 

[0019] 

[iigl*Jgi*-rs/cis5©^ia] *ISHj3Ccj:titf, ^ffinc 
i' lx ^' >3!)iJfJfi!c§tifcr*;U7 T y 3 >M©^Mtc 
7lc*M*fL, ^©Slt76©7fe?SS%SJSL.XBUfa^B© 

■CigS2 4 0~5 0 0rm©3fe€;Hl^-i>Ci^^#Sti-r-2. 50 
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[0 0 2 0] * /c, :$:|feHi5icJ:ntf. ?it>, mmMMtiC 

-> y a >M©^ffifi i , tJfsr r >- y 3 >fli^ 

S(Ci:gS2 4 0-50 Onm©7£*.TOL/fci#©Slht7lc 

©®ai©MflS*j}tis?)-cfc^. tfffar*;!^^ y x->y 3 

>K^fflK*S2 4 0~5 0 0nm©7lc*M*tb-C, 

l^m^om&^WSm L , mMT'bJiy T :x y 3 >M© 
^ffiS?: Htif e^fflii i liri as*f Tfe i © M« 1- ^ r * 

[0 0 2 1 ] *|SB^(Cj;nB, F*3gP*K^K-C 

# 5^ + i . mm^ 1- (ciBts:3 nfci^*4 

T X y n >K©*M5£: u ^' > *JfM-r -S fcfe© 
Jlf4 A-r -S X^A^S i ^ S ifi^fl^g 

©Si^^g^Ctet^r. f!rfBli!;*4CC[SlW-C?gS2 4 0~5 

0 0 nm©^^MIt-r -StKM i . mMEMm^ h ©SSt*© 

sn/cH?iar*;u-7 r y 3 >M©Sffi4^©«si^ 

-C^5J:^tcLfcCi i "T S *«^*Sg©M^« 
t^*ff^^S-r -2, /c*©«ffi i -fe r r x y 3 >M 

©Office U-C >*flJBg-r ^^^^^^^©^Jj&T^SJCfc 

i^r, m?zrf:jiy txi^ y a>M©^ffiiCHi)tayn' 

^M{Cjgfi2 4 0~5 0 0nm©7fe^M*fl>r^©S*f* 
©SSS^iiJ^L-, BtffBS*f*©3®S*ijff^ffl^Tlllo/i: 

B#fc. friait^U'f >©ffJis?:*?TT-sci*#mi-r* 
i|^^{$^g©$i^::^iS*5f#6ti-So s/c- *^Hj!5cj:n 

«, F?fS^^fcr^:;L-7yX~>y 3>J14flJlSb. Huia 

r*;i'7 T xv- y 3 >M©IIM{i: i^n" >?rffM-r-S^ 
#<*Sg©»3»*viKtet,>-c. OTfBr*;b7 rxv-y n 
»i©^ffifci/n'>4Bfi£-r-sii^>{c. Btfiayn' 

>*^tyBfifar-t;l'7 TX->y 3>jg©^ffifcigfi2 4 

0-5 0 0 ntn©7fe*S35't L.-C-e©S*t*©^S*«'J^ L 

■r^it«ffi©(H04Si^-r sig^^tifc i *#i5:i-r 

[0022] 

t^. m 1 ^^%mmw. 1 ©nsg^Ki^^^n-stJs^ 

t^t4^J 1 2 i . 3E«iSI5 1 3 i . ^iig|5 1 3 6©3t%K 
*41 l©^ffiKMS^L-e©S*f3fe**3fe-rS^|jtJRg|5^ 

1 4 1 ^'CWdtt:ixfcm\'^^^%-^ h 

1 5 i , ^T^n 1 5 kcmm.^tx^c'f- ^mm^ 1 

6 i^WL-TC^S. 

[0 0 2 3 ] ^iSSPl 3B. ffl^tT^TKCiS^S^r^-fbS 
■a-«>Ci/55-C#-S.„ -oSf^, C©#J^^gB, 7fe©?SS 
(CJE D fci^ f4©SSt^^SiJE-r -E. C i 3!)5-C ^ -2, „ * . 
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^(DB^ixmm 1 0 o%i L-r. m^<Dmmmi}Mim 

[0 02 4] C(Dm&imt^>X. igS2 4 0-7 5 0nm 

s i ^mm.i'tcmmcoytcDi^mm mmvff.r) i^iij 
m^sst^^s, atj^iitciis^^-r^. s/c hsg-s 

fc. iSSs&se 0 Onm?rffi^-Si, li-rn©l«-&*>S*=f* 
I- i' , iBST*3!)5fi < -S i igg 5 5 0 nmf^ ia*:> (=, 

So 

[0 0 2 5 ] ±fao,fe:^*>6, 5 0 0 ntnWTOTt^Ml,^ 

nt*. r-^:;i-7T;^v>;=i>©jg®, mm, S:t>'r-t;u 

[0 0 2 6 ] ;XCC. (D RAM) ©fl^ 

m^^irfx or. X i'msoaMfc HSG-S am 
fS.b. :^mmmo:>m^mm (jgs2 4 0-5 0 0 nm) r 

mmm(Dwm(oRi:, nt^tc^ -e©*g:ii*0 3 ( a ) s 

( b ) tc^-To 

[0 02 7] S3 (a) «. HSG-S i ^SMT-S i 

^©. ;^3?':'i'mffi©^ffi4s i,H, ij:^<,cmiyfcm 
■5 (fcfcb, c®^)iN2 5C1 o^r^. iiB-rt>©<i;-r 

= S/c. 03 (b) ». ■;'4'mg©OT*S i 

. H, (a^S'r^) BBL/cs,i. ■e©^ffi*N2 
BBu/cBfRgi. affiR*t^&a'-^fis#s«i©iig«* 

[0 02 8] H3 (a) SO* (b) *i65>>i)>SJ;^K, 
*)^c. H3 (a) a. Si, H, :ff::x,iaE'rmr^ 
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jfiii^jtc, 04 (a) , (b) , SO' (c) ^CtJ^TJ: 

mm^mi'-f^t, m4 (d) (c^-Tct^Bg-r-si/n' 

icxm-t^^^ictji^tc^t^^f^tL^, itc. H3 

(b) B. N2 t,cm-rmsa$,i,m^.t.'om< Lxi>M 

II^tSs '^C t, ^ C i * TJX L n i s . 
10 [0 0 2 9 ] _hia©ci*56, HSG-si*0fiSLr 

;^ $ y i'^S©*Mm€rli»D5-tiSJS^fC, 2|s^Jg^?J© 
^g*flH-^r^©^M©S*t^?:MSLr^nB. £■© 

i'm®©^®?i>&2fg«±Ci:L'J:5i-r5iS^B. 
S*f^*i2 0%OT-C*nBJ:l^. J5*t*/!>S2 0%*e 

^-sit^KB, BftHSG-s i ^mis,-ri>m<DH!m^ 

^^g^ffll^nB. DRAM©f'NMj^cj3r\ HSG-S 
T-r*nB, ^Ofgf'FSl^n-S^^^tti^g (DRAM) 

[0 03 0 ] ^jte, Jisa^iiwr B. ffiM-rs3fe©igs 

?:240~500ntri h^cifi, C ©liiB©ma^S©3fe. 
mB, 4 8 8nrreS©A r U— tf-^E^ffifll-rSiO 

[0 0 3 1 ] */c, *^^J©SiJ^^gr-tt, i^if4K*f 

30 b/c/is, cn(c|5g6nafe©rB):!:< , jg|f^©:^ffl{iF 
[0 0 3 2 ] $€.cc, :^mm(Dmmmmit. hsg- 

S i O*-if-Ccft^0?t:<)5, ffi©!^H©^®-t-3?- 

[0 03 3 ] ;^cc. ^^B^©® 2 ©Hffi^fcoi^rsJH^ 
•r -s „ m 1 (ommmv it, d r a M©f'pijii iti-c x a? 
i'ms ( H s g - s i ) ^m<Di^mm^m'm-ri, c i i 

L/fc:^)^, *^}!iW-CB, y:©=fc ^iCCLrK*t^©i'JS* 
40 tf^o 

[0 03 4] *-r. fi£*i|B]«CCL.TX^ .>i'mffi©a 
ffi{CHSG-S i^WmLtcm (H8 (d) #M) . # 
HF^gitc^I{C■?xy^?:gL. HSG{tl^/cS®^ffi©g 

-rtcsgjo. 8 5 o°c©5>7*flii^^ -rs 

t, x^^■>^'Sg©ftH^cB. H 5 (c^S-r J: ^1 tc, 2nm 
?MS©->'j3>Sftfli5 1 *sjfj,jg^^T,§^ C©f^, HI 
©HSfeFlJilHlSK. i8^S2 4 0-5 0 0nm©76^m^-C 
S»^^©ilJ^*^f 5. C©igf. 1 0 nmWTWgi^-C^ 

50 t, ^ :3 >^{fcjs 5 1 B. s*f^©ii jS(c (a i ^ iijs 



9 

[0 03 5 ] ccD*i, nm&mm. so'd<-;i"j3> 
[0036] :^mmm-ca, h s Gftu/c;^ 5? y i>mm 

fc. y i^mmoHSGit^n-otcm, immmux- 
ftgu/cti^(c«, '^mmimcommicj: n 5 %m.m.o:> 

[003 7] 3|s:feH^o|^3 CD§|ife««lKo(,>r^B;! 

[0038] *:^W(c^M3*^-5^g{3:, 06 (C^-T 

j: 5 {c, y^^A:t:- h 6 1 mjMmm^^- he 2^ 

i*f^f-&6 4. t--if-6 5. igS3 6 5nm©3t;^tti*f-r 

[0 0 3 9 ] c©gg-cHSG-s i ^Bm-r^m^ 
■rs. ^©iamjmis;. 5 8o°ci-r-2,„ ;a(c, 

^A^" h 6 1 *>6 S i , 1 O^JPsg^A-r 

-So CCDt^^-^l^^^-e 3\H(D!I.t)An mtorrttjii, 

J;occiis-r^„ s i, Hs ^^xo^A^^fi 

^-i-^^N'-e 3rt©S i , H, *'X*JE^gf^;}<- 
[0 04 0 ] 3fc^S6«i:i3:, H S G - S i *?fj^ L^c*3 

6©. -e©jiii^*s^fiet>*^„ ccsi^tt. 

SMMm©— W^&a 7 K^-To S7J(:*it,jr. XSfSA 
i^$4«A&C>-^aW*, »!fiBB«, Si, H. ^ 

[0 04 1 ] a7*^i^Bj6*^/iJ:^Cc, JS«7fe©^a 

■rs. ia©ci, C2, C3, SDfG4©sffij*-cr^ 

-;l'Mll**;?T-r^4o©i^f4;£f'pKt, ^©«S?rm 5 
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"^mmmx-mmbfc^ ^©isn^sis (a) . (b) . 

(c) , RZ/ (d) iCmf, CCr, H8 (a) , 
(b), (c) . SC/ (d) a. ^^i^tiH7©C K 
C2. 0 3, &(:/C4-CT--JU^^^TtfcS?^4tC^lS 

[0042] 08 (a), (b) , SO' (c) Km-TJ: 

^ic, mm(Dmm.<D'm> (ci 2^0 3 ) 

•5, HSG-Si©i^H'>-y--/ X*3tf A^sSlirJ-C^ 
fc. tfc. as (c) SO' (d) tciS-rj;5tc, s*t^ 

10 ommfimm-t^mm {C3-^CA) x\i^ HSG-s 

ne.©^*45:ffllr^r3>-r>-9--;&f'[:^t^. -eogft* 

<t 5 (c. s*f*©®s*5jgii> ( c 1 ->c 2 -»c 3 ) -r^ 
<Dm&*fimm-r^mm (C3->C4) ns, gs^^ws 

[0 04 3] C©J;^{C. :|:||te{?!l-C«, HSG-Si 

[0044] tz^, _hielli&Wr{J, 6 5 nm©?^ 

*flil-^fc!&3, 2 4 0-5 0 OnmWffiHF^-CAnt*, ffi© 
i6S©*-C*>J;t,^ S/c, ^iKfi©7£r[*^c<. 4,^16 
H*WT^igS^©3^;&fflc>r'b<tc»„ 

[0 04 5 ] S/c. ±iB^Jfe^J-CW, tJc^iC^gtcfij^g 

trci*5-c#.5. ccr, 01 0©^a{c*j(,ir, 06 
30 iHtfeKJtcial— ©^>©Ktt|Dj— »-^;&fl-br*-z,„ 

[0 04 6] 

immmW^] :^mM<<Cjp.iri\t. 24 0-5 0 0nin©* 
5:ffll-^fcCir, SM*^'3ffiS^<, r-t;b7TX'>'J 
='>M©^E©I!!]ifi**- ^^--rs C i;53r #S * /c, 
c©J:-5(C7K^fflt^-5c:i-c, l^^4©7^^^•'(';^i LT© 

[0 04 7 ] 7fe)i^Se>'t^ffi^*4i^ftK3gKgK 

40 [0S©fS#^C|ftHJ] 

[0 1 ] *f6Bj©ii ] ©^it0!iccffi^$*i^aij^^s© 

ilB§0-C&-2>„ 

[02] 0 l©3^g?rfflC^-CiiJSLfc, 3£©^Si, 

Hit^^n" >5rff5fi!t-r 5B?s&^'f^©r^^i/-7 T ;^ 3 

>©^H©Slt^i ©M^^Tj^-r 7 -s, 

[0 3 ] 0 1 (Dmm^mi^xmmLfc, ^Tmcomm 
^isit*i©Mr^i, •&xg©MaB#i'^i-e©f^f'p»( 
L 3 > > -y- - CD g n i © M ^ i ^ -r 7 

^r&or, (a) B, Si; Hs (cBB-rBtrBl^^^t^ 
0 -fifclS^. ( b ) B, #H«Tr©?^^i!iaB#ra*^ 
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[04] ^m^i^u 4 y(ommt^mi:i^mm(ot(Dm% 1 1 

nmri>rcii)(DWi±mvs>-ox. (a) a^u-fv*! 12 

{g^S©J«^, (b ) Bi^H-^^^cfiSacoi*-^, 13 

(c) ai/u-^>i}mw^(om^i'eti'enfpL. 14 

(d) ttlS^-r.?>i^ U--Y>|5l±5!)^S#L-?ciS^4^-r„ 15 
CDDRAM©»?ffi^^ia-C*S„ 4 1 

me] :^mm(Dm3(Dmmmici^m$ti^mi^m^m a 2 

g©ft!tB§Hr&-2>. 10 5 1 

[07] 06CD^g*mc^-caiJ^L/ci''U-1'>ffJiSBtrfl 6 1 

i^WS*f*iolW^*^n-ri/^-?rAS<, 6 2 

[0 8] (a), (b). (c) . Ri>' (d) », 6 3 

•etl07CDCl, C2, C3, RyfC40Bf*(DmS0 6 4 

^ffi{i:ffJfi£3nfci^H'>©eTm^®ISi![M^K-C* 6 5 

•So 6 6 

[09] T^";UiSFK<!:S?t«#Sa<!:©^^^r*-ri^ 6 7 

57r*)^„ 68 

[010] *:%BJCD|g3©^WKffiffl-C^affe©^^ 1 0 1 

^*Mjgsa©iiB§0r&s. 20 10 2 

[011] fie3fc©DRAM©S{^Xg%giB^-r.5.fcis&© 1 0 3 

XS0-C*€.„ 104 

[012] DR AM©1#^§^?;-r»rS^3^0-C*S. 1 0 5 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
(57) [Claim(s)] 

[Claim 1] The surface monitor approach characterized by using light with a wavelength of 240- 
500nm as said light in the surface monitor approach which irradiates light on the front face of the 
amorphous silicon film with which a grain was formed in the front face, measures the optical 
reinforcement of the reflected light, and observes the irregularity of said front face. 
[Claim 2] The surface monitor approach of claim 1 characterized by forming the silicon nitride 
of lOnm or less of thickness in the front face of said amorphous silicon film. 
[Claim 3] The surface area of the amorphous silicon film which was beforehand formed in the 
predetermined field and with which a grain was formed in the front face. Ask said amorphous 
silicon film front face for relation with the reinforcement of the reflected light when irradiating 
light with a wavelength of 240-500nm, and light with a wavelength of 240-500nm is irradiated 
on said amorphous silicon film front face. The surface area measuring method characterized by 
measuring the reinforcement of the reflected light and asking for the surface area of said 
amorphous silicon film based on the relation of said surface area and said reflected light. 
[Claim 4] The surface area measuring method of claim 3 characterized by forming the silicon 
nitride of lOnm or less of thickness in the front face of said amorphous silicon film. 
[Claim 5] The chamber as for which the interior is made to a vacuum, and the sample 
maintenance means arranged in said chamber, In the manufacturing installation of a 
semiconductor device which has a gas installation means to introduce the material gas for 
forming a grain in the front face of the heater which heats the sample held at said sample 
maintenance means, and the amorphous silicon film formed in the predetermined field of said 
sample The manufacturing installation of the semiconductor device characterized by the ability 
to carry out the in situ observation of the front face of said amorphous silicon film in which the 



light source which irradiates light with a wavelength of 240-5 OOnm towards said sample, and the 
photodetection section which detects the reinforcement of the reflected light from said sample 

were prepared, and said grain was formed. 

[Claim 6] In the manufacture approach of the semiconductor device which forms a grain in the 
front face of the amorphous silicon film used as the electrode for forming a capacitor, while 
forming said grain in the front face of said amorphous silicon film The manufacture approach of 
the semiconductor device characterized by ending formation of said grain when light with a 
wavelength of 240-5 OOnm is irradiated on the front face of said amorphous silicon film, the 
reinforcement of the reflected light is measured and the reinforcement of said reflected light is 
less than a predetermined value. 

[Claim 7] The manufacture approach of the semiconductor device characterized by including the 
process which irradiates light with a wavelength of 240-500nm on the front face of said 
amorphous silicon film containing said grain, measures the reinforcement of the reflected light, 
and observes the irregularity of the front face concerned in the manufacture approach of the 
semiconductor device which forms the amorphous silicon film in a predetermined field, and 
forms a grain in the front face of said amorphous silicon film while forming a grain in the front 
face of said amorphous silicon film. 
DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the monitor approach which acts as 
the monitor of the front face of the silicone film formed when producing a semiconductor 
integrated circuit about the surface monitor approach of a thin film. 
[0002] 

[Description of the Prior Art] In recent years, high integration of a semiconductor integrated 
circuit is tried briskly, and is not an exception about DRAM (Dynamic Random Access 
Memory), either. In order to integrate DRAM highly, the number of the capacitors per unit area 

must be increased, and the formation area inevitably given to one capacitor becomes small. If the 
formation area of a capacitor contracts, the stored charge capacity of a capacitor will decrease 
and various problems, such as destruction (alpha-rays soft error) of the data based on alpha rays, 
will arise. So, recently, a device is added to the structure of a capacitor and the attempt which is 



made to increase an electrode surface product and secures a required stored charge capacity has 
accomplished. 

[0003] For example, H.Watanabe etc. is "A New stacked capacitor structure using 
hemispherical-grain poly- silicon electrode". In 22 nd Conference on Solid Device and Materials 
and p. 873 (1990), a hemispherical grain (HSG-Si) was formed in the electrode surface of a 
capacitor, and the approach to which an electrode surface product is made to increase is proposed. 
This approach is the approach of forming irregularity in a silicon front face using the my great 
phenomenon of the silicon atom by heat in a pure silicon front face. Hereafter, this approach is 
explained with reference to drawing 1 1 about the case where it uses for manufacture of DRAM 
(stack mold memory cell). 

[0004] First, as shown in drawing 1 1 (a), an interlayer insulation film 1 05 is formed on the high 
concentration impurity diffused layer 101, the isolation insulator layer 102, and the P type silicon 
subsfrate 104 in which the gate electrode 103 was formed. And the contact hole which reaches 
one high grade impurity diffused layer 101 is formed in an interlayer insulation film 105 using a 
lithography technique and an etching technique. 

[0005] Then, as shown in drawin g 1 1 (b), the amorphous silicon film 107 which doped Lynn is 
formed in a contact hole 106 and on an interlayer insulation film 105 using a reduced pressure 
CDV technique. And again, using a lithography technique and an etching technique, the 
amorphous silicon film 107 of the predetermined range is etched, and as shown in drawing 1 1 (c), 
the stack elecfrode 108 is formed. 

[0006] Next, HSG-ization of a stack elecfrode surface is performed, the subsfrate 104 with which 
this formed the stack elecfrode 108 ~ the bottom of about 580 degrees C and reduced pressure of 
about 1 mtorr ~ placing ~ Si two H6 after exposing to gas about 10 minutes ~ succeedingly ~ 

isothermal - isotonic ~ and N2 It realizes by exposing to an ambient atmosphere about 30 
minutes. As shown in drawin g 1 1 (d), it is irregularity-ized by this process, namely, the 
hemispherical grain (HSG-Si) 109 is formed of it, and the front face of a stack elecfrode can 
make that surface area increase according to it. 

[0007] Then, DRAM will be obtained if the capacity insulator layer 1 1 1 is formed in the front 
face of the stack elecfrode 108 using a CVD method as shown in drawing 12 , and the 
polysilicon comp rate 1 12 is formed. 

[0008] By the way, as HSG-ization of this stack electrode surface was mentioned above, the my 



great phenomenon of the silicon atom in an electrode (amorphous silicon) front face is used. For 
this reason, extent of the irregularity formed in an electrode surface changes with the degrees of 
adhesion of the natural oxidation fihn to an electrode surface. If it explains in full detail, when 
the natural oxidation film of an electrode surface is fully removed, as shown in drawing 13 (a), 
the large hemispherical grain of a path will be in a wrap condition about the whole electrode 
surface. Moreover, when clearance of the natural oxidation film is inadequate, as shown in 
drawing 13 (b), a small hemispherical grain will be in the condition that it is scattered in an 
electrode surface. Moreover, concavo-convex extent changes also by changing the formation 
conditions of a hemispherical grain. 

[0009] When producing DRAM commercially, there must be stored charge capacity of each 
capacitor within the limits of predetermined. That is, there must be surface area of a stack 
electrode within the limits of predetermined. However, as mentioned above, extent of the 
irregularity formed in the front face of a stack electrode can consider various conditions rather 
than is fixed. For this reason, after forming irregularity in a silicon front face using HSG-Si, it is 
necessary to evaluate extent of the formed irregularity. 

[0010] Conventionally, extent of such irregularity is performed by being performed by the 
observation which used the electron microscope, or producing a capacitor actually and 
measuring stored charge capacity. 

[00 11] Moreover, surface area can also be qualitatively measured by the approach called an 

adsorption process (for example, gas adsorption BET multipoint method). 

[0012] Moreover, a sample front face is made to carry out incidence of the light from the source 

of the white light, the reflected light from the front face is detected, and there is the approach of 

acting as the monitor of the surface dry area from decline in a reflection factor. Furthermore, a 

sample front face is made to carry out incidence of the monochrome-ized X-ray below by the 

total reflection critical angle, and the approach of measuring the reinforcement of a secondary X- 

ray with the detector arranged in the direction of specular reflection is also proposed (JP,4- 

15933,A). 

[0013] 

[Problem(s) to be Solved by the Invention] However, the observable range of the approach using 
an electron microscope is narrow, and it has the trouble that the semi-conductor wafer which is a 
sample is completely unobservable. Moreover, generally the electron microscope which can be 



observed without dividing a semi-conductor wafer into an intercept is an object for length 
measurement, and the resolution is about 300nm and has the trouble that a hemispherical grain 
with a diameter of about 50nm cannot be observed. 

[0014] Moreover, although the approach of forming a capacitor actually has the description that 
the dependability of the measurement result is high, even if it is the easiest process, it makes a 
capacity insulator layer and an up electrode deposit, must perform pattemizing of an up electrode 
and the outgoing line for measurement, and has the trouble of taking time amount and time and 
effort too much. 

[0015] Moreover, if the approach using an adsorption process considers the effect of gas made to 
adsorb, application for a actual DRAM product is difficult. 

[0016] Furthermore, by the approach of measuring a reflection factor using the white light, in 
order that an amorphous silicon may penetrate visible region light, it is reflected by the interface 
of an amorphous silicon and the film under it, and interferes with the reflected light in the fi"ont 
face of an amorphous silicon. Moreover, the light reflected by the interface of an amorphous 
silicon and the film under it changes depending on the optical property of the lower film. 
Therefore, this approach has the trouble of being scarce in dependability, in order to act as the 
monitor of the irregularity formed in the front face of a stack electrode. 

[0017] Furthermore, the approach using an X-ray excites the electron inside a sample, makes the 
channel part of a carrying-out [ the capacitor ] transistor there to be not only a trouble that the 
path of the measurement spot cannot be made not much small, but generate a new electronic- 
electron hole pair, and has the trouble of worsening the property as a device. 
[0018] Though it is easy, it is reliable, and this invention aims at offering the surface monitor 
approach of a thin film of not having an adverse effect on the property as a device of a sample. 
[0019] 

[Means for Solving the Problem] According to this invention, light is irradiated on the front face 
of the amorphous silicon film with which a grain was formed in the front face, and the surface 
monitor approach characterized by using light with a wavelength of 240-5 OOnm as said light is 
acquired in the surface monitor approach which measures the optical reinforcement of the 
reflected light and observes the irregularity of said front face. 

[0020] Moreover, the surface area of the amorphous silicon film which was beforehand formed 
in the predetermined field according to this invention and with which a grain was formed in the 



front face, Ask said amorphous silicon film front face for relation with the reinforcement of the 
reflected light when irradiating light with a wavelength of 240-5 OOnm, and light with a 
wavelength of 240-500nm is irradiated on said amorphous silicon film front face. The 

reinforcement of the reflected light is measured and the surface area measuring method 
characterized by asking for the surface area of said amorphous silicon film based on the relation 
of said surface area and said reflected light is acquired. 

[0021] Furthermore, the sample maintenance means which was arranged in the chamber as for 
which the interior is made to a vacuum, and said chamber according to this invention. In the 
manufacturing installation of a semiconductor device which has a gas installation means to 
introduce the material gas for forming a grain in the front face of the heater which heats the 
sample held at said sample maintenance means, and the amorphous silicon film formed in the 
predetermined field of said sample The light source which irradiates light with a wavelength of 
240-500nm towards said sample, and the photodetection section which detects the reinforcement 
of the reflected light from said sample are prepared. The manufacturing installation of the 
semiconductor device characterized by the ability to carry out the in situ observation of the front 
face of said amorphous silicon film in which said grain was formed is obtained. In the 
manufacture approach of the semiconductor device which forms a grain in the front face of the 
amorphous silicon film which serves as an electrode for forming a capacitor further again 
according to this invention While forming said grain in the front face of said amorphous silicon 
film When light with a wavelength of 240-5 OOnm is irradiated on the front face of said 
amorphous silicon film, the reinforcement of the reflected light is measured and the 
reinforcement of said reflected light is less than a predetermined value, the manufacture 
approach of the semiconductor device characterized by ending formation of said grain is 
acquired. Moreover, according to this invention, it sets to the manufacture approach of the 
semiconductor device which forms the amorphous silicon film in a predetermined field, and 
forms a grain in the front face of said amorphous silicon film. While forming a grain in the front 
face of said amorphous silicon film The manufacture approach of the semiconductor device 
characterized by including the process which irradiates light with a wavelength of 240-5 OOrmi on 
the front face of said amorphous silicon film containing said grain, measures the reinforcement 
of the reflected light, and observes the irregularity of the front face concemed is acquired. 
[0022] 



[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 
measuring device used for drawing 1 by the 1st example of this invention is shown. The 
measuring device shown in drawi ng 1 has the sample base 12 in which a sample 1 1 is laid, the 
light source section 13, the optical-axis system part 14 which irradiates the light from the light 
source section 13 on the front face of a sample 11, and condenses the reflected light, the 
spectroscope 15 which carries out the spectrum of the reflected light condensed by part for the 
optical-axis diameter 14, and the data-processing section 16 connected to the spectroscope 15. 
[0023] The light source section 13 can change the wavelength of the light which carries out 
outgoing radiation. That is, this measuring device can measure the reflection factor of the sample 
according to the wavelength of light. Moreover, the data-processing section 16 measures 
beforehand reflected light reinforcement, such as a standard silicon substrate which processed 
mirror polishing etc. on the front face, and integrates with and displays the reflected light 
reinforcement of a sample by making the value into 100% of reflection factors. 
[0024] The reflection factor (a broken line shows) of the front face of an amorphous silicon to 
light with a wavelength of 240-75 Onm and the reflection factor (a continuous line shows) of the 
light of the front face in which HSG-Si was formed on the amorphous silicon were measured 
using this equipment. The result is shown in drawing 2 . In any case, it decreases from drawing 2 
almost in monotone [ a reflection factor ] with the increment in wavelength to the wavelength of 
5 5 Onm a clear passage. Moreover, the reflection factor of the front face in which HSG-Si was 
formed becomes quite smaller than the reflection factor of the front face of the amorphous 
silicon which is not formed. Moreover, if wavelength exceeds 600nm, in any case, a reflection 
factor will be changed sharply. This is considered to be for the light reflected by the interface of 
an amorphous silicon and the film under it to interfere in the reflected light in a front face. When 
the thickness of the amorphous silicon film is thick, or when degree of crystallinity is high, 
fluctuation of this reflection factor will begin from near the wavelength of 5 5 Onm, if a refractive 
index becomes low. In addition, since the optical absorption multiplier of silicon increases 
[ wavelength ] dramatically to light 550nm or less, most light which invaded in silicon is 
absorbed, therefore, about 100% of the reflected light measured when wavelength uses light 
5 5 Onm or less is the reflected light from the outermost surface ~ it thinks. 
[0025] It turns out that the concavo-convex condition of the front face of an amorphous silicon 
can be known, without being influenced by the above-mentioned result of the condition of the 



membraneous quality of an amorphous silicon, thickness, and the film under an amorphous 
silicon, if light 500nm or less is used. 

[0026] Next, the semiconductor device (DRAM) was produced actually, HSG-Si was formed in 
the front face of a stack electrode, and the reflection factor was measured with the measuring 
device (wavelength of 240-500nm) of this example. Moreover, after that, the capacitor was 
produced, stored charge capacity was measured and it considered as instead of [ of measurement 
of the surface area of a stack electrode ]. The result is shown in drawing 3 (a) and (b). 
[0027] Drawing 3 (a) is the front face of a stack elecfrode when forming HSG-Si Si2H6 The 
relation between the time amount exposed to gas, and a surface reflection factor and stored 
charge capacity is shown (however, it shall expose to N2 for 10 minutes after this). Moreover, 
drawing 3 (b) is Si two H6 about the front face of a stack electrode. It is the front face after 
exposing to gas (for 3 minutes) N2 The relation between the exposed time amount, and a surface 
reflection factor and stored charge capacity is shown. 

[0028] Relation is between a surface reflection factor and stored charge capacity (surface area) 
clearly, and the one of surface area where a surface reflection factor is lower is large so that 
drawing 3 (a) and (b) may show. Moreover, drawing_3 (a) is Si two H6. If time amount exposed 
to gas is lengthened too much, it is shown that surface area decreases. The rate of this that 
increase and the light from the light source 41 are scattered by the grain in the consistency as the 
grain formed in an electrode surface shows drawing 4 (a), (b), and (c) with time amount progress 
increases, and fiirther, the grains which adjoin as shown in drawing 4 (d) if formation of a grain 
is continued join, and it thinks for the reflected light to come to carry out incidence to a detector 
42. Moreover, drawing 3 (b) is N2. It is shown that it is meaningless even if it lengthens time 
amount to expose to some extent more. 

[0029] if the equipment of this example is used and the reflection factor of the front face is 
measured, when forming HSG-Si and making the surface area of a stack electrode increase from 
the above-mentioned thing ~ which ~ about ~ it can presume whether surface area increased. 
For example, when it is going to double [ more than ] the surface area of a stack electrode, a 
surface reflection factor should just be 20% or less. When a reflection factor exceeds 20%, it 
turns out that it is necessary to deal with forming HSG-Si again etc. Thus, if the measuring 
device of this example is used, it is in the middle of production of DRAM, and after forming 
HSG-Si, the stored charge capacity of a capacitor can be presumed. That is, if the measured 



reflection factor is below a predetermined value, the semiconductor device (DRAM) produced 
after that will have a desired capacitor stored charge capacity. 

[0030] In addition, although wavelength of the light to be used was set to 240-5 OOnm in the 

above-mentioned example, you may make it use the light of the single wavelength of this range, 
for example, about 488nm Ar laser light. 

[0031] Moreover, although incidence of the light is vertically carried out to a sample and the 
vertical reflected light was measured in the measuring device of this example, it is not restricted 
to this and the detection location of the reflected light should just be a location which detects the 
specular reflection component of incident light. 

[0032] Furthermore, although the measuring device of this example was used for the monitor of 

HSG-Si, the surface monitor of other matter is also possible. 

[0033] Next, the 2nd example of this invention is explained. Although [ the 1st example ] it is in 
the middle of production of DRAM and the reflection factor of a stack electrode (HSG-Si) front 
face is measured, in this example, a reflection factor is measured as follows. 
[0034] First, after forming HSG-Si in the front face of a stack elecfrode as usual (refer to 
drawi ng 8 (d)), a wafer is dipped into a rare HF solution and the natural oxidation film of the 
electrode surface which turned HSG is removed. An electrode surface is immediately exposed to 
ammonia after that, and 850-degree C lamp heating is performed for 1 minute. Then, as shown in 
drawing 5 , the about 2nm silicon nitride 5 1 is formed in the front face of a stack electrode. Then, 
a reflection factor is measured like the 1st example using light with a wavelength of 240-5 OOnm. 
At this time, it was checked that the very thin silicon nitride 5 1 lOnm or less hardly affects 
measurement of a reflection factor. Therefore, if a reflection factor is 20% or less, the surface 
area of an elecfrode will be considered to be more than twice, and will not interfere. That is, the 
stored charge capacity of the capacitor produced after that can be presumed by measuring the 
reflection factor of the light of a stack electrode surface. 

[0035] then, a capacity insulator layer ~ and if polysilicon comp rate formation is carried out, the 
same semiconductor device will be obtained as substantially as the former. 
[0036] The natural oxidation film of the front face of the stack elecfrode which turned HSG is 
removed, and by having formed the silicon nitride after that, immediately after performing HSG- 
ization of a stack elecfrode, it is not necessary to measure a reflection factor at this example. In 
addition, although there was decline in about 5% of reflection factor under the effect of the 



natural oxidation film when it was left at a room temperature for one week after performing 
HSG-ization of a stack electrode, in the case of this example, lowering was hardly seen. 
[0037] Next, the 3rd example of this invention is explained. The reflection factor is measured in 
this example, building a measuring device into the HSG-Si formation equipment of single wafer 
processing, and forming HSG-Si. 

[0038] The equipment used for this example has the sample base 64 established in the chamber 
63 which has the gas installation port 61 and the evacuation port 62, and the chamber 63, a heater 
65, the light source 66 which carries out outgoing radiation of the light with a wavelength of 
365nm, and a detector 67, as shown in drawing 6 . 

[0039] When forming HSG-Si with this equipment, the sample 68 which has a pure amorphous 
silicon front face (stack electrode) is first introduced in the chamber 63 held at the vacuum. And 
a sample 68 is heated at a heater 65. The temperature is made into 580 degrees C. Next, the gas 
installation port 61 to Si two H6 Gas is introduced for 10 minutes. It adjusts so that the pressure 
in a chamber 63 may serve as Imtorr at this time. Next, Si two H6 Installation of gas is 
suspended and it is Si two H6 in a chamber 63. If gas is exhausted from the evacuation port 62 
and the temperature of a sample is held, annealing of the sample will be carried out in a vacuum, 
and HSG-Si will be formed in a front face. 

[0040] In this example, in situ observation while forming HSG-Si is possible. This observation 
can also be performed from the time of the sample installation to a chamber 73, and you may 
make it start at a suitable stage (for example, when starting annealing). Observation irradiates the 
light from the light source 66 at a sample 68, and is performed by a detector detecting the 
reflected light. An example of observation is shown in drawing 7 . Setting to drawing 7 , for 
Period A, Period B is Si two H6 about sample installation and a warm up period. Period C shows 
an annealing treatment period for an introductory period. 

[0041] If an annealing process starts, the reinforcement of the reflected light will decrease 
rapidly and will be saturated after that, so that clearly from drawing 7 . Each [ of CI, C2, C3, and 
C4 of drawing ] four samples which end annealing freatment at the event were produced, and the 
front face was observed with the electron microscope. The result is shown in drawing 8 (a), (b), 
(c), and (d). Here, drawing 8 (a), (b), (c), and (d) correspond to the sample which ended 
annealing by CI, C2, C3, and C4 of drawing 7 , respectively. 

[0042] As shown in drawing 8 (a), (b), and (c), the grain size of HSG-Si accompanying the 



strength reduction (CI ->C2 ->C3) of the reflected light has observed buildup. Moreover, as 
shown in drawing 8 (c) and (d), change of the grain size of HSG-Si was not seen in the field (C3 
->C4) in which the reinforcement of the reflected light is saturated. Moreover, the capacitor was 
produced using these samples and the stored charge capacity was measured. The result is shown 
in drawing 9 . As shown in drawing 9 , rapid buildup of stored charge capacity is seen in the field 
in which the reinforcement of the reflected light decreases (CI ->C2 ->C3), and stored charge 
capacity is also saturated with the field (C3 ->C4) in which the reinforcement of the reflected 
light is saturated. 

[0043] Thus, in this example, forming HSG-Si, in situ observation is possible and the stored 
charge capacity when producing a capacitor from the measured reflection factor can be presumed. 
[0044] In addition, although light with a wavelength of 365nm was used in the above-mentioned 
example, as long as it is within the limits of 240-5 GOnm, the light of other wavelength is 
sufficient. Moreover, not the light of single wavelength but the light of the wavelength range 
which has a certain range may be used. 

[0045] Moreover, although the above-mentioned example explained the example which built the 
measuring device into single-wafer-processing equipment, as shown in drawing 10 , it is also 
incorporablc into the batch-processing equipment of hot wall structure. Here, in the equipment of 
drawing 10 , the same number is given to drawing 6 and a functional target at the same thing. 
[0046] 

[Effect of the Invention] According to this invention, by having used 240-5 OOnm light, it is 
accurate and there are not easy and a thing which has an adverse effect on the property as a 
device of a sample by the thing which can act as the monitor of the irregularity of the front face 
of the amorphous silicon film, and for which light is used in this way again, either. 
[0047] Moreover, by including the light source and a detecting element in semiconductor 
fabrication machines and equipment, in situ observation is possible, the processing time is 
shortened, and improvement in a throughput can be aimed at. 
TECHNICAL FIELD 

[Industrial Application] Especially this invention relates to the monitor approach which acts as 
the monitor of the front face of the silicone film formed when producing a semiconductor 
integrated circuit about the surface monitor approach of a thin film. 
PRIOR ART 



[Description of the Prior Art] In recent years, high integration of a semiconductor integrated 
circuit is tried briskly, and is not an exception about DRAM (Dynamic Random Access 
Memory), either. In order to integrate DRAM highly, the number of the capacitors per unit area 
must be increased, and the formation area inevitably given to one capacitor becomes small. If the 
formation area of a capacitor contracts, the stored charge capacity of a capacitor will decrease 
and various problems, such as destruction (alpha-rays soft error) of the data based on alpha rays, 
will arise. So, recently, a device is added to the structure of a capacitor and the attempt which is 
made to increase an electrode surface product and secures a required stored charge capacity has 
accomplished. 

[0003] For example, H.Watanabe etc. is "A New stacked capacitor structure using 
hemispherical-grain poly-silicon electrode". In 22 nd Conference on Solid Device and Materials 
and p. 873 (1990), a hemispherical grain (HSG-Si) was formed in the electrode surface of a 
capacitor, and the approach to which an electrode surface product is made to increase is proposed. 
This approach is the approach of forming irregularity in a silicon front face using the my great 
phenomenon of the silicon atom by heat in a pure silicon front face. Hereafter, this approach is 
explained with reference to drawing 1 1 about the case where it uses for manufacture of DRAM 
(stack mold memory cell). 

[0004] First, as shown in drawdng 1 1 (a), an interlayer insulation film 105 is formed on the high 
concentration impurity difftised layer 101, the isolation insulator layer 102, and the P type silicon 
substrate 104 in which the gate electrode 103 was formed. And the contact hole which reaches 
one high grade impurity difftised layer 101 is formed in an interlayer insulation film 105 using a 
lithography technique and an etching technique. 

[0005] Then, as shown in drawing 1 1 (b), the amorphous silicon film 107 which doped Lynn is 
formed in a contact hole 106 and on an interlayer insulation film 105 using a reduced pressure 

CDV technique. And again, using a lithography technique and an etching technique, the 
amorphous silicon film 107 of the predetermined range is etched, and as shown in drawing 1 1 (c), 
the stack electrode 108 is formed. 

[0006] Next, HSG-ization of a stack electrode svirface is performed, the substrate 104 with which 
this formed the stack electrode 108 ~ the bottom of about 580 degrees C and reduced pressure of 
about 1 mtorr ~ placing ~ Si two H6 after exposing to gas about 10 minutes ~ succeedingly ~ 



isothermal - isotonic ~ ** and N2 It realizes by exposing to an ambient atmosphere about 30 
minutes. As shown in drawing 1 1 (d), it is irregularity-ized by this process, namely, the 
hemispherical grain (HSG-Si) 109 is formed of it, and the front face of a stack electrode can 

make that surface area increase according to it. 

[0007] Then, DRAM will be obtained if the capacity insulator layer 1 1 1 is formed in the front 
face of the stack elecfrode 108 using a CVD method as shown in drawing 12 , and the 
polysilicon comp rate 1 12 is formed. 

[0008] By the way, as HSG-ization of this stack elecfrode surface was mentioned above, the my 
great phenomenon of the silicon atom in an elecfrode (amorphous silicon) front face is used. For 
this reason, extent of the irregularity formed in an elecfrode surface changes with the degrees of 
adhesion of the natural oxidation film to an electrode surface. If it explains in full detail, when 
the natural oxidation film of an electrode surface is fully removed, as shown in drawing 13 (a), 
the large hemispherical grain of a path will be in a wrap condition about the whole electrode 
surface. Moreover, when clearance of the natural oxidation film is inadequate, as shown in 
drawing 13 (b), a small hemispherical grain will be in the condition that it is scattered in an 
elecfrode surface. Moreover, concavo-convex extent changes also by changing the formation 
conditions of a hemispherical grain. 

[0009] When producing DRAM commercially, there must be stored charge capacity of each 
capacitor within the limits of predetermined. That is, there must be surface area of a stack 
elecfrode within the limits of predetermined. However, as mentioned above, extent of the 
irregularity formed in the front face of a stack elecfrode can consider various conditions rather 
than is fixed. For this reason, after forming irregularity in a silicon front face using HSG-Si, it is 
necessary to evaluate extent of the formed irregularity. 

[0010] Conventionally, extent of such irregularity is performed by being performed by the 
observation which used the electron microscope, or producing a capacitor actually and 
measuring stored charge capacity. 

[001 1] Moreover, surface area can also be qualitatively measured by the approach called an 
adsorption process (for example, gas adsorption BET multipoint method). 
[0012] Moreover, a sample front face is made to carry out incidence of the light from the source 
of the white light, the reflected light from the front face is detected, and there is the approach of 
acting as the monitor of the surface dry area from decline in a reflection factor. Furthermore, a 



sample front face is made to carry out incidence of the monochrome-ized X-ray below by the 
total reflection critical angle, and the approach of measuring the reinforcement of a secondary X- 
ray with the detector arranged in the direction of specular reflection is also proposed (JP,4- 
15933,A). 

EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, by having used 240-5 OOnm light, it is 

accurate and there are not easy and a thing which has an adverse effect on the property as a 
device of a sample by the thing which can act as the monitor of the irregularity of the front face 
of the amorphous silicon film, and for which light is used in this way again, either. 
[0047] Moreover, by including the light source and a detecting element in semiconductor 
fabrication machines and equipment, in situ observation is possible, the processing time is 
shortened, and improvement in a throughput can be aimed at. 
TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the observable range of the approach using 
an electron microscope is narrow, and it has the trouble that the semi-conductor wafer which is a 
sample is completely unobservable. Moreover, generally the electron microscope which can be 
observed without dividing a semi-conductor wafer into an intercept is an object for length 
measurement, and the resolution is about 3 OOnm and has the trouble that a hemispherical grain 
with a diameter of about 50nm cannot be observed. 

[0014] Moreover, although the approach of forming a capacitor actually has the description that 
the dependability of the measurement result is high, even if it is the easiest process, it makes a 
capacity insulator layer and an up electrode deposit, must perform pattemizing of an up electrode 
and the outgoing line for measurement, and has the trouble of taking time amount and time and 
effort too much. 

[0015] Moreover, if the approach using an adsorption process considers the effect of gas made to 
adsorb, application for a actual DRAM product is difficult. 

[0016] Furthermore, by the approach of measuring a reflection factor using the white light, in 
order that an amorphous silicon may penetrate visible region light, it is reflected by the interface 
of an amorphous silicon and the film under it, and interferes with the reflected light in the front 
face of an amorphous silicon. Moreover, the light reflected by the interface of an amorphous 
silicon and the film under it changes depending on the optical property of the lower film. 
Therefore, this approach has the trouble of being scarce in dependability, in order to act as the 
monitor of the irregularity formed in the front face of a stack electrode. 

[0017] Furthermore, the approach using an X-ray excites the electron inside a sample, makes the 

channel part of a carrying-out [ the capacitor ] fransistor there to be not only a frouble that the 

path of the measurement spot cannot be made not much small, but generate a new elecfronic- 

electron hole pair, and has the trouble of worsening the property as a device. 

[0018] Though it is easy, it is reliable, and this invention aims at offering the surface monitor 

approach of a thin film of not having an adverse effect on the property as a device of a sample. 

MEANS 



[Means for Solving the Problem] According to this invention, light is irradiated on the front face 
of the amorphous silicon film with which a grain was formed in the front face, and the surface 
monitor approach characterized by using light with a wavelength of 240-5 OOnm as said light is 

acquired in the surface monitor approach which measures the optical reinforcement of the 
reflected light and observes the irregularity of said front face. 

[0020] Moreover, the surface area of the amorphous silicon film which was beforehand formed 
in the predetermined field according to this invention and with which a grain was formed in the 
front face. Ask said amorphous silicon film front face for relation with the reinforcement of the 
reflected light when irradiating light with a wavelength of 240-5 OOnm, and light with a 
wavelength of 240-500nm is irradiated on said amorphous silicon film front face. The 
reinforcement of the reflected light is measured and the surface area measuring method 
characterized by asking for the surface area of said amorphous silicon film based on the relation 
of said surface area and said reflected light is acquired. 

[0021] Furthermore, the sample maintenance means which was arranged in the chamber as for 
which the interior is made to a vacuum, and said chamber according to this invention. In the 
manufacturing installation of a semiconductor device which has a gas installation means to 
introduce the material gas for forming a grain in the front face of the heater which heats the 
sample held at said sample maintenance means, and the amorphous silicon film formed in the 
predetermined field of said sample The light source which irradiates light with a wavelength of 
240-5 OOnm towards said sample, and the photodetection section which detects the reinforcement 
of the reflected light from said sample are prepared. The manufacturing installation of the 
semiconductor device characterized by the ability to carry out the in situ observation of the front 
face of said amorphous silicon film in which said grain was formed is obtained. In the 
manufacture approach of the semiconductor device which forms a grain in the front face of the 
amorphous silicon film which serves as an electrode for forming a capacitor further again 
according to this invention While forming said grain in the front face of said amorphous silicon 
film When light with a wavelength of 240-5 OOnm is irradiated on the front face of said 
amorphous silicon film, the reinforcement of the reflected light is measured and the 
reinforcement of said reflected light is less than a predetermined value, the manufacture 
approach of the semiconductor device characterized by ending formation of said grain is 
acquired. Moreover, according to this invention, it sets to the manufacture approach of the 



semiconductor device which forms the amorphous silicon film in a predetermined field, and 
forms a grain in the front face of said amorphous silicon film. While forming a grain in the fi-ont 
face of said amorphous silicon film The manufacture approach of the semiconductor device 

characterized by including the process which irradiates light with a wavelength of 240-5 OOnm on 
the front face of said amorphous silicon film containing said grain, measures the reinforcement 
of the reflected light, and observes the irregularity of the fi-ont face concerned is acquired. 
EXAMPLE 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 
measuring device used for drawing 1 by the 1st example of this invention is shown. The 
measuring device shown in drawing 1 has the sample base 12 in which a sample 1 1 is laid, the 
light source section 13, the optical-axis system part 14 which irradiates the light from the light 
source section 13 on the front face of a sample 11, and condenses the reflected light, the 
specfroscope 15 which carries out the spectrum of the reflected light condensed by part for the 
optical-axis diameter 14, and the data-processing section 16 connected to the specfroscope 15. 
[0023] The light source section 13 can change the wavelength of the light which carries out 
outgoing radiation. That is, this measuring device can measure the reflection factor of the sample 
according to the wavelength of light. Moreover, the data-processing section 16 measures 
beforehand reflected light reinforcement, such as a standard silicon subsfrate which processed 
mirror polishing etc. on the front face, and integrates with and displays the reflected light 
reinforcement of a sample by making the value into 100% of reflection factors. 
[0024] The reflection factor (a broken line shows) of the front face of an amorphous silicon to 
light with a wavelength of 240-750nm and the reflection factor (a continuous line shows) of the 
light of the front face in which HSG-Si was formed on the amorphous silicon were measured 
using this equipment. The result is shown in drawing 2 . In any case, it decreases from drawing 2 
almost in monotone [ a reflection factor ] with the increment in wavelength to the wavelength of 
550nm a clear passage. Moreover, the reflection factor of the front face in which HSG-Si was 
formed becomes quite smaller than the reflection factor of the front face of the amorphous 
silicon which is not formed. Moreover, if wavelength exceeds 600nm, in any case, a reflection 
factor will be changed sharply. This is considered to be for the light reflected by the interface of 
an amorphous silicon and the film under it to interfere in the reflected light in a front face. When 
the thickness of the amorphous silicon film is thick, or when degree of crystallinity is high. 



fluctuation of this reflection factor will begin from near the wavelength of 550nm, if a refi'active 
index becomes low. In addition, since the optical absorption multiplier of silicon increases 
[ wavelength ] dramatically to light 550nm or less, most light which invaded in silicon is 
absorbed, therefore, about 100% of the reflected light measured when wavelength uses light 
550nm or less is the reflected light from the outermost surface ~ it thinks. 
[0025] It turns out that the concavo-convex condition of the fi-ont face of an amorphous silicon 
can be known, without being influenced by the above-mentioned result of the condition of the 
membraneous quality of an amorphous silicon, thickness, and the film under an amorphous 
silicon, if light 500nm or less is used. 

[0026] Next, the semiconductor device (DRAM) was produced actually, HSG-Si was formed in 
the front face of a stack electrode, and the reflection factor was measured with the measuring 
device (wavelength of 240-500nm) of this example. Moreover, after that, the capacitor was 
produced, stored charge capacity was measured and it considered as instead of [ of measurement 
of the surface area of a stack electrode ]. The result is shown in drawing 3 (a) and (b). 
[0027] Drawing 3 (a) is the front face of a stack electrode when forming HSG-Si Si2H6 The 
relation between the time amount exposed to gas, and a surface reflection factor and stored 
charge capacity is shown (however, it shall expose to N2 for 10 minutes after this). Moreover, 
drawing 3 (b) is Si two H6 about the front face of a stack electrode. It is the front face after 
exposing to gas (for 3 minutes) N2 The relation between the exposed time amount, and a surface 
reflection factor and stored charge capacity is shown. 

[0028] Relation is between a surface reflection factor and stored charge capacity (surface area) 
clearly, and the one of surface area where a surface reflection factor is lower is large so that 
drawing 3 (a) and (b) may show. Moreover, drawing 3 (a) is Si two H6. If time amount exposed 
to gas is lengthened too much, it is shown that surface area decreases. The rate of this that 
increase and the light from the light source 41 are scattered by the grain in the consistency as the 
grain formed in an electrode surface shows drawing 4 (a), (b), and (c) with time amount progress 
increases, and further, the grains which adjoin as shown in drawing 4 (d) if formation of a grain 
is continued join, and it thinks for the reflected light to come to carry out incidence to a detector 
42. Moreover, drawing 3 (b) is N2. It is shown that it is meaningless even if it lengthens time 
amount to expose to some extent more. 

[0029] if the equipment of this example is used and the reflection factor of the front face is 



measured, when forming HSG-Si and making the surface area of a stack electrode increase from 
the above-mentioned thing ~ which ~ about ~ it can presume whether surface area increased. 
For example, when it is going to double [ more than ] the surface area of a stack electrode, a 
surface reflection factor should just be 20% or less. When a reflection factor exceeds 20%, it 
turns out that it is necessary to deal with forming HSG-Si again etc. Thus, if the measuring 
device of this example is used, it is in the middle of production of DRAM, and after forming 
HSG-Si, the stored charge capacity of a capacitor can be presumed. That is, if the measured 
reflection factor is below a predetermined value, the semiconductor device (DRAM) produced 
after that will have a desired capacitor stored charge capacity. 

[0030] In addition, although wavelength of the light to be used was set to 240-5 OOnm in the 

above-mentioned example, you may make it use the light of the single wavelength of this range, 
for example, about 488nm Ar laser light. 

[0031] Moreover, although incidence of the light is vertically carried out to a sample and the 
vertical reflected light was measured in the measuring device of this example, it is not restricted 
to this and the detection location of the reflected light should just be a location which detects the 
specular reflection component of incident light. 

[0032] Furthermore, although the measuring device of this example was used for the monitor of 
HSG-Si, the surface monitor of other matter is also possible. 

[0033] Next, the 2nd example of this invention is explained. Although [ the 1st example ] it is in 
the middle of production of DRAM and the reflection factor of a stack electrode (HSG-Si) front 
face is measured, in this example, a reflection factor is measured as follows. 
[0034] First, after forming HSG-Si in the front face of a stack electrode as usual (refer to 
drawing 8 (d)), a wafer is dipped into a rare HF solution and the natural oxidation film of the 
electrode surface which turned HSG is removed. An electrode surface is immediately exposed to 
ammonia after that, and 850-degree C lamp heating is performed for 1 minute. Then, as shown in 
drawing 5 , the about 2nm silicon nitride 5 1 is formed in the front face of a stack electrode. Then, 
a reflection factor is measured like the 1st example using light with a wavelength of 240-5 OOnm. 
At this time, it was checked that the very thin silicon nitride 5 1 lOnm or less hardly affects 
measurement of a reflection factor. Therefore, if a reflection factor is 20% or less, the surface 
area of an electrode will be considered to be more than twice, and will not interfere. That is, the 
stored charge capacity of the capacitor produced after that can be presumed by measuring the 



reflection factor of the light of a stack electrode surface. 

[0035] then, a capacity insulator layer ~ and if poly silicon comp rate formation is carried out, the 
same semiconductor device will be obtained as substantially as the former. 
[0036] The natural oxidation film of the front face of the stack electrode which turned HSG is 
removed, and by having formed the silicon nitride after that, immediately after performing HSG- 
ization of a stack electrode, it is not necessary to measure a reflection factor at this example. In 
addition, although there was decline in about 5% of reflection factor under the effect of the 
natural oxidation film when it was left at a room temperature for one week after performing 
HSG-ization of a stack electrode, in the case of this example, lowering was hardly seen. 
[0037] Next, the 3rd example of this invention is explained. The reflection factor is measured in 
this example, building a measuring device into the HSG-Si formation equipment of single wafer 
processing, and forming HSG-Si. 

[0038] The equipment used for this example has the sample base 64 established in the chamber 
63 which has the gas installation port 61 and the evacuation port 62, and the chamber 63, a heater 
65, the light source 66 which carries out outgoing radiation of the light with a wavelength of 
365nm, and a detector 67, as shown in drawing 6 . 

[0039] When forming HSG-Si with this equipment, the sample 68 which has a pure amorphous 
silicon front face (stack electrode) is first introduced in the chamber 63 held at the vacuum. And 
a sample 68 is heated at a heater 65. The temperature is made into 580 degrees C. Next, the gas 
installation port 61 to Si two H6 Gas is introduced for 10 minutes. It adjusts so that the pressure 
in a chamber 63 may serve as Imtorr at this time. Next, Si two H6 Installation of gas is 
suspended and it is Si two H6 in a chamber 63. If gas is exhausted from the evacuation port 62 
and the temperature of a sample is held, annealing of the sample will be carried out in a vacuum, 
and HSG-Si wiU be formed in a front face. 

[0040] In this example, in situ observation while forming HSG-Si is possible. This observation 
can also be performed from the time of the sample installation to a chamber 73, and you may 
make it start at a suitable stage (for example, when starting annealing). Observation irradiates the 
light from the light source 66 at a sample 68, and is performed by a detector detecting the 
reflected light. An example of observation is shown in drawing 7 . Setting to drawing 7 , for 
Period A, Period B is Si two H6 about sample installation and a warm up period. Period C shows 
an annealing treatment period for an introductory period. 



[0041] If an annealing process starts, the reinforcement of the reflected light will decrease 
rapidly and will be saturated after that, so that clearly from drawing 7 . Each [ of CI, C2, C3, and 
C4 of drawing ] four samples which end annealing treatment at the event were produced, and the 

front face was observed with the electron microscope. The result is shown in drawing 8 (a), (b), 
(c), and (d). Here, drawing 8 (a), (b), (c), and (d) correspond to the sample which ended 
annealing by CI, C2, C3, and C4 of drawing 7 , respectively. 

[0042] As shown in drawing 8 (a), (b), and (c), the grain size of HSG-Si accompanying the 
sfrength reduction (CI ->C2 ->C3) of the reflected light has observed buildup. Moreover, as 
shown in dramng 8 (c) and (d), change of the grain size of HSG-Si was not seen in the field (C3 
->C4) in which the reinforcement of the reflected light is saturated. Moreover, the capacitor was 
produced using these samples and the stored charge capacity was measured. The result is shown 
in drawin g 9 . As shown in drawing 9 , rapid buildup of stored charge capacity is seen in the field 
in which the reinforcement of the reflected light decreases (CI ->C2 ->C3), and stored charge 
capacity is also saturated with the field (C3 ->C4) in which the reinforcement of the reflected 
light is saturated. 

[0043] Thus, in this example, forming HSG-Si, in situ observation is possible and the stored 
charge capacity when producing a capacitor from the measured reflection factor can be presumed. 
[0044] In addition, although light with a wavelength of 365nm was used in the above-mentioned 
example, as long as it is within the limits of 240-500nm, the light of other wavelength is 
sufficient. Moreover, not the light of single wavelength but the light of the wavelength range 
which has a certain range may be used. 

[0045] Moreover, although the above-mentioned example explained the example which built the 
measuring device into single- wafer-processing equipment, as shown in drawinn iO , it is also 

incorporable into the batch-processing equipment of hot wall structure. Here, in the equipment of 
drawing 10 , the same number is given to drawing 6 and a functional target at the same thing. 
DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

I Dra wing I ] It is the schematic diagram of the measuring device used for the 1st example of this 
invention. 

[Drawing 2] It is the graph which shows relation with the reflection factor of the front face of a 
next amorphous silicon before forming a hemispherical grain, the wavelength of light measured 



using the equipment of drawing 1 , and. 

[Dra wing 31 It is the graph which shows the relation of the processing time of each process and 
the reflection factor which were measured using the equipment of drawing 1 , and the relation 
between the processing time of each process, and the stored charge capacity of the capacitor 
produced after that, and (a) is Si two H6. (b) is N2 when changing the time amount to expose. 
The case where the heat treatment time amount under an ambient atmosphere is changed is 
shown. 

[Drawing 4] It is a conceptual diagram for explaining the relation between the formation 
condition of a hemispherical grain, and that of a reflection factor, and (d) shows the case where 
the grains which, as for (b), (c) shows the case where a grain is high density to, respectively 
when a grain is a low consistency, and a grain is semi-gross density, and (a) adjoins join. 
[Dra wing 5 ] It is the cross section of DRAM in preparation [ for explaining the 2nd example of 
this invention ]. 

[Drawing 61 It is used for the 3rd example of this invention, and is the schematic diagram of 
semiconductor fabrication machines and equipment. 

[Draw irm 71 It is the graph which shows the relation of the grain formation time amount and the 

surface reflection factor which were measured using the equipment of drawing 6 . 
[Drawing 81 (a), (b ), (c), and (d) are the microphotographies of the particulate structure of the 
grain formed in the front face of the electrode at the event of CI, C2, C3, and C4 of drawing 7 , 
respectively. 

[Drawing 9] It is the graph which shows the relation between annealing time amount and stored 
charge capacity. 

[Drawiiiu 101 It is the schematic diagram of other semiconductor fabrication machines and 

equipment which can be used for the 3rd example of this invention. 

[Drawing II] It is process drawing for explaining the production process of the conventional 
DRAM. 

[Drawing 121 It is the cross section showing the structure of DRAM. 

[Drawing 131 It is the microphotography of the particulate structure of the grain formed on the 
surface of the electrode, and when a grain is formed after (a) fiiUy removed the natural oxidation 
film of an electrode surface, it shows the case where a grain is formed without (b) fully removing 
the natural oxidation film of an electrode surface. 



[Description of Notations] 

11 Sample 

12 Sample Base 

13 Light Source Section 

14 Optical- Axis System Part 

15 Spectroscope 

16 Data-Processing Section 

41 Light Source 

42 Detector 

51 Silicon Nitride 

61 Gas Installation Port 

62 Evacuation Port 

63 Chamber 

64 Sample Base 

65 Heater 

66 Light Source 

67 Detector 

68 Sample 

101 High Concentration Impurity Diffused Layer 

102 Isolation Insulator Layer 

103 Gate Electrode 

104 P Type Silicon Substrate 

105 Interlayer Insulation Film 

106 Contact Hole 

107 Amorphous Silicon Film 

108 Stack Electrode 

109 Hemispherical Grain (HSG-Si) 
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PURPOSE: To prevent ill effects from exerting on sample characteristics 

and monitor a thin film surface by irradiating a light of a special 
wavelength on the surface of a semiconductor thin film and measuring the 
reflection light intensity so as to observe the surface recession and 
projection. 

CONSTITUTION: A light source part 13 can change the wavelength of an 
emitting light, its light irradiates the surface of a sample 11 and the 



(54) SURFACE MONITORING METHOD 




(57) Abstract: 



reflection light is collected by an optical axis system part 14, it is 
separated by a spectroscope 15, and obtained data is supplied to a data 
processing part 16. The processing part 16 measures the reflection light 
intensity such as standard silicon substrate, etc. , beforehand, its 
reflection rate is assumed to be 100%, and the reflection light 
intensity of a sample is integrated so as to be displayed. The 
wavelength of the light of the light source part 13 is set to 
approximately 240-500nm so that recessed and projecting states of the 
surface of amorphous silicon are obtained without affected by film 
quality and the thickness of the amorphous silicon, and the states of 
the film beneath. And it does not exert ill effects on the 
characteristics as a device of a sample. 
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CLAIMS 



[Claira(s) ] 

[Claim 1] The surface monitor approach characterized by using light with 
a wavelength of 240-500nm as said light in the surface monitor approach 
which irradiates light on the front face of a semi-conductor thin film, 
measures the optical reinforcement of the reflected light, and observes 
the irregularity of said front face. 

[Claim 2] The surface monitor approach of claim 1 characterized by said 
semi-conductor thin film being a silicon thin film. 

[Claim 3] The surface monitor approach of claim 1 characterized by said 
semi-conductor thin film being the hemispherical grain formed in an 
amorphous silicon and its front face. 

[Claim 4] The surface monitor approach of claims 2 or 3 characterized by 
forming the silicon nitride of lOnm or less of thickness in the front 
face of said semi-conductor thin film. 

[Claim 5] The surface area measuring method characterized by asking for 
the relation between the surface area of the semi-conductor thin film 
formed in the predetermined field, and the reinforcement of the 
reflected light when irradiating light with a wavelength of 240-500nm on 
said semi-conductor thin film front face beforehand, irradiating light 
with a wavelength of 240-500nm on said semi-conductor thin film front 
face, measuring the reinforcement of the reflected light, and asking for 
the surface area of said semi-conductor thin film based on the relation 
of said surface area and said reflected light. 

[Claim 6] The chamber which can carry out evacuation of the interior, 
and the sample maintenance means arranged in this chamber, In the semi- 
conductor thin film deposition system which has the heater which heats 
the sample held at this sample maintenance means, and a gas installation 
means to introduce the material gas for forming a semi-conductor thin 
film in the front face of said sample Semi-conductor formation equipment 
characterized by preparing the light source which irradiates light with 
a wavelength of 240-500nm towards said sample, and the photodetection 
section which detects the reinforcement of the reflected light from said 
sample, and being able to carry out the in situ observation of the front 
face of said semi-conductor thin film. 

[Claim 7] Semi-conductor formation equipment characterized by said semi- 
conductor thin film being a silicon thin film. 

[Claim 8] The manufacture approach of DRAM characterized by forming said 
capacitor when light with a wavelength of 240-500nm is irradiated on the 
front face of said stack electrode, the reinforcement of the reflected 



light is measured and the reinforcement of said reflected light is less 
than a predetermined value in the manufacture approach of DRAM which 
forms a hemispherical grain in the front face of the stack electrode for 
forming a capacitor after producing said hemispherical grain. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Industrial Application] Especially this invention relates to the 
monitor approach which acts as the monitor of the front face of the 
silicone film formed when producing a semiconductor integrated circuit 
about the surface monitor approach of a thin film. 

[0002] 

[Description of the Prior Art] In recent years, high integration of a 
semiconductor integrated circuit is tried briskly, and is not an 
exception about DRAM (Dynamic Random Access Memory), either. In order to 
integrate DRAM highly, the number of the capacitors per unit area must 
be increased, and the formation area inevitably given to one capacitor 
becomes small. If the formation area of a capacitor contracts, the 
stored charge capacity of a capacitor will decrease and various problems, 
such as destruction (alpha-rays soft error) of the data based on alpha 
rays, will arise. So, recently, a device is added to the structure of a 
capacitor and the attempt which is made to increase an electrode surface 
product and secures a required stored charge capacity has accomplished. 
[0003] For example, H. Watanabe etc. is "A New stacked capacitor 
structure using hemispherical-grain poly-silicon electrode". In 22 nd 
Conference on Solid Device and Materials and p. 873 (1990), a 
hemispherical grain (HSG-Si) was formed in the electrode surface of a 



capacitor, and the approach to which an electrode surface product is 
made to increase is proposed. This approach is the approach of forming 
irregularity in a silicon front face using the my great phenomenon of 
the silicon atom by heat in a pure silicon front face. Hereafter, this 
approach is explained with reference to drawing 11 about the case where 
it uses for manufacture of DRAM (stack mold memory cell). 
[0004] First, as shown in drawing 11 (a), an interlayer insulation film 
105 is formed on the high concentration impurity diffused layer 101, the 
isolation insulator layer 102, and the P type silicon substrate 104 in 
which the gate electrode 103 was formed. And the contact hole which 
reaches one high grade impurity diffused layer 101 is formed in an 
interlayer insulation film 105 using a lithography technique and an 
etching technique. 

[0005] Then, as shown in drawing 11 (b), the amorphous silicon film 107 
which doped Lynn is formed in a contact hole 106 and on an interlayer 
insulation film 105 using a reduced pressure CDV technique. And again, 
using a lithography technique and an etching technique, the amorphous 
silicon film 107 of the predetermined range is etched, and as shown in 
drawing 11 (c) , the stack electrode 108 is formed. 

[0006] Next, HSG-ization of a stack electrode surface is performed, the 
substrate 104 with which this formed the stack electrode 108 — the 
bottom of about 580 degrees C and reduced pressure of about 1 mtorr — 
placing — Si two H6 after exposing to gas about 10 minutes — 
succeedingly — isothermal - isotonic — ** and N2 It realizes by 
exposing to an ambient atmosphere about 30 minutes. As shown in drawing 
11 (d) , it is irregulari Ly-ized by this process, namely, the 
hemispherical grain (HSG-Si) 109 is formed of it, and the front face of 
a stack electrode can make that surface area increase according to it. 
[0007] Then, DRAM will be obtained if the capacity insulator layer 111 
is formed in the front face of the stack electrode 108 using a CVD 
method as shown in drawing 12 , and the polysilicon comp rate 112 is 
formed. 

[0008] By the way, as HSG-ization of this stack electrode surface was 
mentioned above, the my great phenomenon of the silicon atom in an 
electrode (amorphous silicon) front face is used. For this reason, 
extent of the irregularity formed in an electrode surface changes with 
the degrees of adhesion of the natural oxidation film to an electrode 
surface. If it explains in full detail, when the natural oxidation film 
of an electrode surface is fully removed, as shown in drawing 13 (a), 
the large hemispherical grain of a path will be in a wrap condition 
about the whole electrode surface. Moreover, when clearance of the 



natural oxidation film is inadequate, as shown in drawing 13 (b), a 
small hemispherical grain will be in the condition that it is scattered 
in an electrode surface. Moreover, concavo-convex extent changes also by 
changing the formation conditions of a hemispherical grain. 
[0009] When producing DRAM commercially, there must be stored charge 
capacity of each capacitor within the limits of predetermined. That is, 
there must be surface area of a stack electrode within the limits of 
predetermined. However, as mentioned above, extent of the irregularity 
formed in the front face of a stack electrode can consider various 
conditions rather than is fixed. For this reason, after forming 
irregularity in a silicon front face using HSG-Si, it is necessary to 
evaluate extent of the formed irregularity. 

[0010] Conventionally, extent of such irregularity is performed by being 
performed by the observation which used the electron microscope, or 
producing a capacitor actually and measuring stored charge capacity. 
[0011] Moreover, surface area can also be qualitatively measured by the 
approach called an adsorption process (for example, gas adsorption BET 
multipoint method). 

[0012] Moreover, a sample front face is made to carry out incidence of 
the light from the source of the white light, the reflected light from 
the front face is detected, and there is the approach of acting as the 
monitor of the surface dry area from decline in a reflection factor. 
Furthermore, a sample front face is made to carry out incidence of the 
monochrome-ized X-ray below by the total reflection critical angle, and 
the approach of measuring the re i n ForcemGnt of a secondary X-ray with 
the detector arranged In the direction of specular reflection is also 
proposed (JP, 4-15933, A) . 
[0013] 

[Problem (s) to be Solved by the Invention] However, the observable range 
of the approach using an electron microscope is narrow, and it has the 
trouble that the semi-conductor wafer which is a sample is completely 
unobservable. Moreover, generally the electron microscope which can be 

observed without dividing a semi-conductor wafer into an intercept is an 
object for length measurement, and the resolution is about 300nm and has 
the trouble that a hemispherical grain with a diameter of about 50nm 
cannot be observed. 

[0014] Moreover, although the approach of forming a capacitor actually 
has the description that the dependability of the measurement result is 
high, even if it is the easiest process, it makes a capacity insulator 

layer and an up electrode deposit, must perform patternizing of an up 
electrode and the outgoing line for measurement, and has the trouble of 



taking time amount and time and effort too much. 

[0015] Moreover, if the approach using an adsorption process considers 
the effect of gas made to adsorb, application for a actual DRAM product 
is difficult. 

[0016] Furthermore, by the approach of measuring a reflection factor 
using the white light, in order that an amorphous silicon may penetrate 
visible region light, it is reflected by the interface of an amorphous 
silicon and the film under it, and interferes with the reflected light 
in the front face of an amorphous silicon. Moreover, the light reflected 
by the interface of an amorphous silicon and the film under it changes 
depending on the optical property of the lower film. Therefore, this 
approach has the trouble of being scarce in dependability, in order to 
act as the monitor of the irregularity formed in the front face of a 
stack electrode. 

[0017] Furthermore, the approach using an X-ray excites the electron 
inside a sample, makes the channel part of a carrying-out [ the 
capacitor ] transistor there to be not only a trouble that the path of 
the measurement spot cannot be made not much small, but generate a new 
electronic-electron hole pair, and has the trouble of worsening the 
property as a device. 

[0018] Though it is easy, it is reliable, and this invention aims at 
offering the surface monitor approach of a thin film of not having an 
adverse effect on the property as a device of a sample. 
[0019] 

[Moans for Solving iho Problem] According to this invention, light is 
irradiated on the front face of a semi-conductor thin film, and the 
surface monitor approach characterized by using light with a wavelength 
of 240-500nm as said light is acquired in the surface monitor approach 
which measures the optical reinforcement of the reflected light and 
observes the irregularity of said front face. 

[0020] Moreover, the surface area of the semi-conductor thin film which 
was beforehand formed in the predetermined field according to this 
invention. Ask said semi-conductor thin film front face for relation 
with the reinforcement of the reflected light when irradiating light 
with a wavelength of 240-500nm, and light with a wavelength of 240-500nm 
is irradiated on said semi-conductor thin film front face. The 
reinforcement of the reflected light is measured and the surface area 
measuring method characterized by asking for the surface area of said 
semi-conductor thin film based on the relation of said surface area and 
said reflected light is acquired. 

[0021] The chamber which can carry out evacuation of the interior 



further again according to this invention, The sample maintenance means 
arranged in this chamber, and the heater which heats the sample held at 
this sample maintenance means, In the semi-conductor thin film 
deposition system which has a gas installation means to introduce the 
material gas for forming a semi-conductor thin film in the front face of 
said sample The light source which irradiates light with a wavelength of 
240-500nm towards said sample, and the photodetection section which 
detects the reinforcement of the reflected light from said sample are 
prepared, and the semi-conductor formation equipment characterized by 
the ability to carry out the in situ observation of the front face of 
said semi-conductor thin film is obtained. 
[0022] 

[Example] Hereafter, the example of this invention is explained with 
reference to a drawing. The measuring device used for drawing 1 by the 
1st example of this invention is shown. The measuring device shown in 
drawing 1 has the sample base 12 in which a sample 11 is laid, the light 
source section 13, the optical-axis system part 14 which irradiates the 
light from the light source section 13 on the front face of a sample 11, 
and condenses the reflected light, the spectroscope 15 which carries out 
the spectrum of the reflected light condensed by part for the optical- 
axis diameter 14, and the data-processing section 16 connected to the 
spectroscope 15. 

[0023] The light source section 13 can change the wavelength of the 
light which carries out outgoing radiation. That is, this measuring 

device can measure the reflection f'aclor of the sample according to the 
wavelength of light. Moreover, the dn la-processing section 16 measures 
beforehand reflected light reinforcement, such as a standard silicon 
substrate which processed mirror polishing etc. on the front face, and 
integrates with and displays the reflected light reinforcement of a 
sample by making the value into 100% of reflection factors. 
[0024] The reflection factor (a broken line shows) of the front face of 
an amorphous silicon to light with a wavelength of 240-750nm and the 
reflection factor (a continuous line shows) of the light of the front 
face in which HSG-Si was formed on the amorphous silicon were measured 
using this equipment. The result is shown in drawing 2 . In any case, it 
decreases from drawing 2 almost in monotone [ a reflection factor ] with 
the increment in wavelength to the wavelength of 550nm a clear passage. 
Moreover, the reflection factor of the front face in which HSG-Si was 
formed becomes quite smaller than the reflection factor of the front 
face of the amorphous silicon which is not formed. Moreover, if 
wavelength exceeds BOOnm, in any case, a reflection factor will be 



changed sharply. This is considered to be for the light reflected by the 

interface of an amorphous silicon and the film under it to interfere in 
the reflected light in a front face. When the thickness of the amorphous 
silicon film is thick, or when degree of crystallinity is high, 
fluctuation of this reflection factor will begin from near the 
wavelength of 550nm, if a refractive index becomes low. In addition, 
since the optical absorption multiplier of silicon increases 
[ wavelength ] dramatically to light 550nm or less, most light which 
invaded in silicon is absorbed, therefore, about 100% of the reflected 
light measured when wavelength uses light 550nm or less is the reflected 
light from the outermost surface — it thinks. 

[0025] It turns out that the concavo-convex condition of the front face 
of an amorphous silicon can be known, without being influenced by the 
above-mentioned result of the condition of the membraneous quality of an 
amorphous silicon, thickness, and the film under an amorphous silicon, 
if light 500nm or less is used. 

[0026] Next, the semiconductor device (DRAM) was produced actually, HSG- 
Si was formed in the front face of a stack electrode, and the reflection 
factor was measured with the measuring device (wavelength of 240-500nm) 
of this example. Moreover, after that, the capacitor was produced, 
stored charge capacity was measured and it considered as instead of [ of 
measurement of the surface area of a stack electrode ]. The result is 
shown in drawing 3 (a) and (b) . 

[0027] Drawing 3 (a) is the front face of a stack electrode when forming 
HS(l-Si Si 21 16 Tine relation between the time amount exposed to gas, and a 
surface reflection factor and stored charge capacity is shown (however, 
it shall expose to N2 for 10 minutes after this). Moreover, drawing 3 
(b) is Si two H6 about the front face of a stack electrode. It is the 
front face after exposing to gas (for 3 minutes) N2 The relation between 
the exposed time amount, and a surface reflection factor and stored 
charge capacity is shown. 

[0028] Relation is between a surface reflection factor and stored charge 
capacity (surface area) clearly, and the one of surface area where a 
surface reflection factor is lower is large so that drawing 3 (a) and 
(b) may show. Moreover, drawing 3 (a) is Si two H6. If time amount 
exposed to gas is lengthened too much, it is shown that surface area 
decreases. The rate of this that increase and the light from the light 
source 41 are scattered by the grain in the consistency as the grain 
formed in an electrode surface shows drawing 4 (a), (b) , and (c) with 
time amount progress increases, and further, the grains which adjoin as 
shown in drawing 4 (d) if formation of a grain is continued join, and it 



thinks for the reflected light to come to carry out incidence to a 
detector 42. Moreover, drawing 3 (b) is N2. It is shown that it is 
meaningless even if it lengthens time amount to expose to some extent 
more. 

[0029] if the equipment of this example is used and the reflection 
factor of the front face is measured, when forming HSG-Si and making the 
surface area of a stack electrode increase from the above-mentioned 
thing — which — about — it can presume whether surface area increased. 
For example, when it is going to double [ more than ] the surface area 
of a stack electrode, a surface reflection factor should just be 20% or 
less. When a reflection factor exceeds 20%, it turns out that it is 
necessary to deal with forming HSG-Si again etc. Thus, if the measuring 
device of this example is used, it is in the middle of production of 
DRAM, and after forming HSG-Si, the stored charge capacity of a 
capacitor can be presumed. That is, if the measured reflection factor is 
below a predetermined value, the semiconductor device (DRAM) produced 
after that will have a desired capacitor stored charge capacity. 
[0030] Tn addition, although wavelength of the light to be used was set 
to 240-500nm in the above-mentioned example, you may make it use the 
light of the single wavelength of this range, for example, about 488nm 
Ar laser light. 

[0031] Moreover, although incidence of the light is vertically carried 
out to a sample and the vertical reflected light was measured in the 
measuring device of this example, it is not restricted to this and the 
detection location of the rcfloctcd light should just be a location 
which detects the specular reflection component of incident light. 
[0032] Furthermore, although the measuring device of this example was 
used for the monitor of HSG-Si, the surface monitor of other matter is 
also possible. 

[0033] Next, the 2nd example of this invention is explained. Although 
[ the 1st example ] it is in the middle of production of DRAM and the 

reflection factor of a stack electrode (HSG-Si) front face is measured, 
in this example, a reflection factor is measured as follows. 
[0034] First, after forming HSG-Si in the front face of a stack 
electrode as usual (refer to drawing 8 (d)), a wafer is dipped into a 
rare HF solution and the natural oxidation film of the electrode surface 
which turned HSG is removed. An electrode surface is immediately exposed 
to ammonia after that, and 850-degree C lamp heating is performed for 1 
minute. Then, as shown in drawing 5 , the about 2nm silicon nitride 51 
is formed in the front face of a stack electrode. Then, a reflection 
factor is measured like the 1st example using light with a wavelength of 



240-500nm. At this time, it was checked that the very thin silicon 
nitride 51 lOnra or less hardly affects measurement of a reflection 
factor. Therefore, if a reflection factor is 20% or less, the surface 
area of an electrode will be considered to be more than twice, and will 
not interfere. That is, the stored charge capacity of the capacitor 
produced after that can be presumed by measuring the reflection factor 
of the light of a stack electrode surface. 

[0035] then, a capacity insulator layer — and if polysilicon comp rate 
formation is carried out, the same semiconductor device will be obtained 

as substantially as the former. 

[0036] The natural oxidation film of the front face of the stack 
electrode which turned MSG is removed, and by having formed the silicon 
nitride after that, immediately after performing HSG-ization of a stack 
electrode, it is not necessary to measure a reflection factor at this 
example. In addition, although there was decline in about 5% of 
reflection factor under the effect of the natural oxidation film when it 
was left at a room temperature for one week after performing HSG-ization 
of a stack electrode, in the case of this example, lowering was hardly 
seen. 

[0037] Next, the 3rd example of this invention is explained. The 
reflection factor is measured in this example, building a measuring 
device into the HSG-Si formation equipment of single wafer processing, 
and forming HSG-Si. 

[0038] The equipment used for this example has the sample base 64 
established in the chriinbcr 63 which has the gas installation port 61 and 
the evacuation port 62, and the chamber 63, a heater 65, the light 
source 66 which carries out outgoing radiation of the light with a 
wavelength of 365nm, and a detector 67, as shown in drawing 6 . 
[0039] When forming HSG-Si with this equipment, the sample 68 which has 
a pure amorphous silicon front face (stack electrode) is first 
introduced in the chamber 63 held at the vacuum. And a sample 68 is 
heated at a heater 65. The temperature is made into 580 degrees C. Next, 
the gas installation port 61 to Si two H6 Gas is introduced for 10 
minutes. It adjusts so that the pressure in a chamber 63 may serve as 
Imtorr at this time. Next, Si two H6 Installation of gas is suspended 
and it is Si two H6 in a chamber 63. If gas is exhausted from the 
evacuation port 62 and the temperature of a sample is held, annealing of 
the sample will be carried out in a vacuum, and HSG-Si will be formed in 
a front face. 

[0040] In this example, in situ observation while forming HSG-Si is 
possible. This observation can also be performed from the time of the 



sample installation to a chamber 73, and you may make it start at a 
suitable stage (for example, when starting annealing). Observation 
irradiates the light from the light source 66 at a sample 68, and is 
performed by a detector detecting the reflected light. An example of 
observation is shown in drawing 7 . Setting to drawing 7 , for Period A, 
Period B is Si two H6 about sample installation and a warm up period. 
Period C shows an annealing treatment period for an introductory period. 
[0041] If an annealing process starts, the reinforcement of the 
reflected light will decrease rapidly and will be saturated after that, 
so that clearly from drawing 7 . Each [ of CI, C2, C3, and C4 of 
drawing ] four samples which end annealing treatment at the event were 
produced, and the front face was observed with the electron microscope. 
The result is shown in drawing 8 (a), (b), (c), and (d). Here, drawing 8 
(a), (b), (c), and (d) correspond to the sample which ended annealing by 
CI, C2, C3, and C4 of drawing 7 , respectively. 

[0042] As shown in drawing 8 (a), (b), and (c), the grain size of HSG-Si 

accompanying the strength reduction (CI ->C2 ->C3) of the reflected 
light has observed buildup. Moreover, as shown in drawing 8 (c) and (d) , 
change of the grain size of HSG-Si was not seen in the field (C3 ->C4) 
in which the reinforcement of the reflected light is saturated. Moreover, 
the capacitor was produced using these samples and the stored charge 
capacity was measured. The result is shown in drawing 9 . As shown in 
drawing 9 , rapid buildup of stored charge capacity is seen in the field 
in which the reinforcement of the reflected light decreases (CI ->C2 - 
>C3) , and stored chrirgc capacity is also saturated with the field (C3 - 
>C4) in which the reinforcement of the reflected light is saturated. 
[0043] Thus, in this example, forming HSG-Si, in situ observation is 
possible and the stored charge capacity when producing a capacitor from 
the measured reflection factor can be presumed. 

[0044] In addition, although light with a wavelength of 365nm was used 
in the above-mentioned example, as long as it is within the limits of 

240-500nm, the light of other wavelength is sufficient. Moreover, not 
the light of single wavelength but the light of the wavelength range 
which has a certain range may be used. 

[0045] Moreover, although the above-mentioned example explained the 
example which built the measuring device into single-wafer-processing 
equipment, as shown in drawing 10 , it is also incorporable into the 
batch-processing equipment of hot wall structure. Here, in the equipment 
of drawing 10 , the same number is given to drawing 6 and a functional 
target at the same thing. 
[0046] 



[Effect of the Invention] According to this invention, by having used 
240-500nra light, easy and precision are good and it can act as the 
monitor of the front face of a semi-conductor thin film. It seems that 
moreover, it does not have an adverse effect on the property as a device 
of a sample by Itsuko with such a light. 

[0047] Moreover, by including the light source and a detecting element 
in semiconductor fabrication machines and equipment, in situ observation 
is possible, the processing time is shortened, and improvement in a 
throughput can be aimed at. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the measuring device used for 
the 1st example of this invention. 

[Drawing 2] It is the graph which shows relation with the reflection 
factor of the front face of a next amorphous silicon before forming a 
hemispherical grain, the wavelength of light measured using the 
equipment of drawing 1 , and. 

[Drawing 3] It is the graph which shows the relation of the processing 
time of each process and the reflection factor which were measured using 
the equipment of drawing 1 , and the relation between the processing 
time of each process, and the stored charge capacity of the capacitor 
produced after that, and (a) is Si two H6. (b) is N2 when changing the 
time amount to expose. The case where the heat treatment time amount 
under an ambient atmosphere is changed is shown. 
[Drawing 4] It is a conceptual diagram for explaining the relation 
between the formation condition of a hemispherical grain, and that of a 
reflection factor, and (d) shows the case where the grains which, as for 



(b), (c) shows the case where a grain is high density to, respectively 
when a grain is a low consistency, and a grain is semi-gross density, 

and (a) adjoins join. 

[Drawing 5] It is the cross section of DRAM in preparation [ for 
explaining the 2nd example of this invention ]. 

[Drawing 6] It is used for the 3rd example of this invention, and is the 
schematic diagram of semiconductor fabrication machines and equipment. 
[Drawing 7] It is the graph which shows the relation of the grain 
formation time amount and the surface reflection factor which were 

measured using the equipment of drawing 6 . 

[Drawing 8] (a), (b) , (c) , and (d) are the microphotographies of the 
particulate structure of the grain formed in the front face of the 
electrode at the event of CI, C2, C3, and C4 of drawing 7 , respectively. 
[Drawing 9] It is the graph which shows the relation between annealing 
time amount and stored charge capacity. 

[Drawing 10] It is the schematic diagram of other semiconductor 
fabrication machines and equipment which can be used for the 3rd example 

of this invention. 

[Drawing 11] It is process drawing for explaining the production process 
of the conventional DRAM. 

[Drawing 12] It is the cross section showing the structure of DRAM. 
[Drawing 13] It is the microphotography of the particulate structure of 
the grain formed on the surface of the electrode, and when a grain is 
formed after (a) fully removed the natural oxidation film of an 
electrode surlrico, il shows iho case where a grain is formed without (b) 
fully removing the natural oxidation film of an electrode surface. 
[Description of Notations] 

11 Sample 

12 Sample Base 

13 Light Source Section 

14 Optical-Axis System Part 

15 Spectroscope 

16 Data-Processing Section 

41 Light Source 

42 Detector 

51 Silicon Nitride 

61 Gas Installation Port 

62 Evacuation Port 

63 Chamber 

64 Sample Base 

65 Heater 



66 Light Source 

67 Detector 

68 Sample 

101 High Concentration Impurity Diffused Layer 

102 Isolation Insulator Layer 

103 Gate Electrode 

104 P Type Silicon Substrate 

105 Interlayer Insulation Film 

106 Contact Hole 

107 Amorphous Silicon Film 

108 Stack Electrode 

109 Hemispherical Grain (HSG-Si) 
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